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Descrtpti n 

[0001] This invention relates to a br athing gas filter composition comprising activated cartjon impregnated with an 
organic amine compound to Improve the performance of the activated carbon against toxic perfluorocarbons, particu- 
5 larly trifluoronrtrosomethane (TFNM). and to processes for impregnatng activated carbon with organic amine cam- 
pounds. 

[0002] Activated cart)on has been used in breathing gas filter canisters of gas masks for the removal of toxic gases 
both commercially and in miittary appfications. For the removal of specific poisonous gases such as hydrogen cyanide 
(HCN) and cyanogen chloride (CNCO. activated carbons are used which typically contarn certain metals (copper, chro- 
10 mium, and silver) usually in the form of an oxide crystallite. Typically, these adsorbents are known in the trade as ASC 
Whetlerrte cartran or ASCAEDA if the carbon also contains triethylenediamine, TEDA. The function of these metals or 
metal compourKis is primarily to break down I-ICN or CNCI by chemical reaction(s) into innocuous gaseous products 
and/or products which are readily physisorbed or chemisorbed onto the activated carbon. 

[0003] Trifluoronitrosomethane (TFNM), is a perfluorocartson which is blue in colour and has a boiling point of -84*C. 
IS Under sunlight (UV irradiation), this gas dimerizes. and loses its intense blue hue to become faintly yellw. TFNM is suf- 
ficiently toxic to be a high hazard, even to subjects protected by standard carbon adsorbent filters. The amine-irrpreg- 
natad activated cartoon described herein was found to be particularly effective in chemisorption of this type of 
compound. 

[0004] From a methodology viewpoint, there are several ways to apply an organic amine to the surface of activated 
20 carbon. One proposal for applying TEDA to the surface of activated carbon is found in US patent No. 4,53 1 ,953, which 
was issued to J.E. Qroose et al on July 30, 1985. The Groose patent proposes the direct sublimation of TEDA onto the 
activated carbon surface at atmoepheric pressure. Such a process eliminates the subsequent drying procedure 
because no solvent is involved. Another method for applying TEDA onto the surface of activated carbon under reduced 
pressure has been detailed In US patent No. 5,145.820. which was issued to S.H. Liang et at on September 8. 1992. 
2S [0005] tt is an aim of the invention to provide an organic amine inpregnated activated carbon, by which toxic perfluor- 
ocarbons, particularly TFNM, can be effectively removed from the breathing air stream, and having an enhanced shelf 
and service Ufe. 

[0006] In one aspect the invention resides in a breathing gas filter composition providing protection against toxic per- 
fluorocarbons, comprising substantially dry activated carbon and an organic amine impregnant in an amount of 1.5 to 
30 1 8% by weight, based on tho weight of the carbon, characterised in that the composition additionally comprises 0.1 to 
10% by weight, based on the weight of the carbon, of an alkaline hydroxide. 

[0007] In a second aspect the invention resides in a process for impregnating activated cartxjn by placing a low 
vapour pressure organic amine in contact with substantially dry activated carbon, characterised by the steps of subject- 
ing the carbon and amine to positive pressure of 1-5 Pa in an oxygen-free inert gas atmosphere and then heating the 

3S carbon and amine for an extended period while maintaining the positive pressure of 1 -5 Pa in an oxyervfree inert gas 
atmosphere, and pre-treating the activated carbon with a compound selected from the group consisting of an alkaline 
hydroxide in an amount of 0.1 to 10% by weight, based on the weight of the carbon a suitable halogen and a suitable 
halide salL The aforesaid heating step may typically be effected at 40'' to eo^C, for a period of 1 to 72 hours, depending 
on the amine impregnant and the oxygen-free inert gas may be nitrogen, helium, argon etc. 

40 [0008] In a further aspect the invention resides in a process for irrpregnating activated carbon with a solid amine com- 
pound, comprisino dissolving the amine in a solvent selected from water and organic solvents and adding the amine 
solution to the activated carbon characterised by the step of pre-treating the activated carbon with a compound selected 
from the group consisting of an alkaline hydroxide in an amount of 0.1 to 10% by weight, based on the weight of carbon, 
a suitable halogen and a suitable halide salt 

45 [0009] In some known annine impregnated activated carbons, the amines have a tendency to break down (dissociate) 
due to the presence of acidic surface sites. In the present invention the activated carbon is pretreated to prevent the 
degradation of the amine compounds on the cartxjn surface. The pre-treatment procedure can include neutrafization to 
a substantiafly neutral pH (by an alkaline solution such as KOH or NaOH). or alkalinization to a basic pH in the same 
manner, or reaction of the acid sites (typically these are oxygen-containing moities) by halogenation (such as by CI2 and 

so Brg). These treatments effectively de-activate the surface acidic groups on the carbon, tiius enhancing the stability of 
the adsorbed amines on the carbon surface. A US patent No, 4,072.479 issued to Sinha et al on February 7. 1978 has 
detailed the use of NaOH in the treatment of activated carbon for the removal of malodorous conpounds. particularly 
sulfur-containing compounds from air stream. However, in the present invention the treatment with NaOH is not para- 
mount nor necessary in the protectton against perfluorocarbons. Our pretreatment of carbon with NaOH or WDH is used 

55 solely to enhance the shelf and service IHe of the amine-impregnated carbon, particularly in the presence of humid air. 
[001 0] The use of the process according to the second aspect of the invention facilitates the vaporization of the amine, 
the penetration d the amine molecules into the mwropores on the activated carbon surface, and subsequentiy the 
adsorption of the amine molecules onto the activated carbon surface. Furthermore, the inert environment wfll impede 



2 



EP 0629 437 B1 

the a»dation of the amine inpregnants on the cartwn surface as discussed by Hefshman et al. In the US patent Na 
irer^^™2ri98l . The lengthy heating step, preferably conducted with continuous a.»ng ,n a dosed 
tr^^Sl^a^su^c distillation-ofth amine(t,yadsorption^esorptionprocesses).thusp^^^^ nd-s- 

tribution of amine molecules on the activated caibon surface. ^»«^™„««vi 

Zm, t>,« us« of siustantialiy dry activaled cartoon was deemed necessary after tasting the inpregnaton mrthod 

be dried before the introduction of the amine. 
[00121 The irtpregnation step involves the following series of processes: 

m siiJlimation or vaporization of amine; 

in external diffusion of amine molecules to the activated caiton surface; 
(in) internal diffusion of amine molecules inside the activated carbon pores; and 
20 (iv) adsorption of ainne molecules. 

sition of tertiary amines in the presence of oxygen and cartwn. 
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Brief description of the Drawing: 
[0014] 

Figure 1 is a graph of the breakthrough profile of TFNM on several fresh (i.e. dry) amine^mpregnated activated car- 

"^gL 2 is a graph of the breakthrough profile of perf luoroisobutene at 1 GOD mgMt^ on an activated carbon impreg- 

pJ^eT^Tg.^^^^ breakthrough profHe of hexafluorocydobutene at 1000 moMf on an activated carton 
impregnated with triethylamine. 

Experimental ■ Chemicals 

rooiBI An amines were purchased from commercial sources and were used without further P^^'f^^r^T!^; 
S alat^SL^ h3ee^shown to be suitable for impregnation. Examples given here are ASC 
clJ^l^irlraSSy Uregnated with copper, chromium and sih^er). ASC/T (ASC Whetfente. mduding 2% tnethytene- 
diamine), or a BPL (base carbon with no chemical impregnants). 

Prg-treatment of Carbon Haloqenatipn 

[0016] This reaction can be carried out in either gaseous or aqueous phase. Typically. «arbon « «f J" J^f^^" 

55 reduced pressure (typically < 1 00 Pa). 
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Neutralization 
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1001 71 A sedition contaJnlnfl activated cait»n is neutralized to an ailciline pHwithanallallne solution containing an 
alkaline hydroxide, such as NaOH or KOH. The carbon, including 0.1 to 10% wM of the alltaline hydroxide, is then 
washed until a sU>stantially neutral pH is obtained, dried and activated as in the halogenatlon procedure. 



AlkalinizaBon 

[0018] Sufficient solution containing 0.1 to 12% (w»/W) of the alkaline hydroxide (NaOH or KOH) is added to the acti- 
vated carbon so that it is visisly saturated. The slurry is then stirred for a minimum of 30 minutes. Heat can be appKed 
to accelerate the process. The solution is then removed by suction filtration, and the carbon dried at 105 to 1 50«C under 
reduced pressure (typically <100Pa). Further activation at 200 to 400»C for up to 4 hours may be beneficial tor some 
carbons. 

'5 Impregnation BfAmin^ 

{001 9] Three methods were employed in the impregnation of amine compounds on ASC carbons. The first method 
(described above) utilizes the inherent (although quite low) vapour pressure of the amines (solid or liquid) to drive the 
adsorption process. This method works extremely well with an liquid amines and some solid amines e.g. trielhylenedi- 
amine arxl hexamethylene-tetramine. 

[0020] A second method was designed for solid amides such as ortho- and para-toluenesulfonamido which do not 
have suffcient vapour pressure for the first method to work. A 250 mL solution containing the desired loading levels 
(usually 1 .5 to 18% by weight) of amide dissolved in 95% ethand is first obtained. The solution is then added to 250 g 
ASC charcoal. When the addition of the impregnafing solution is completed, the ethanol is removed under reduced 
pressure from the Vet" caibon. This typically lasts 1/2 to 3/4 hour. By then, the carbon is sufficiently dry and quite free- 
flowing The cart»n IS then spread out unifamly (ca. 0.5 cm high) on two watch glasses and placed inside a vacuum 
oven. The carbon is dried at less than 100 Pa. 50-60'C for up to 16 hours. Mass balance calculations show that essen- 
tially all the ethanol is removed following this treatment and that all the amide impregnants remain b^ind. inside the 
pore structure of the carbon. 

so [0021] A third method utaizes the solubility in water of the desired impregnants such as urea. The preparation of the 
solution IS very similar to that proposed by Joshua C. Whetzell and E.W. Fuller, who gave rise to the term -Whetlerite' 
An ammoniacal solubon containing about 7% copper, 2% chromium and the desired amide irrpregnant is prepared 
BPL carbon is typically used as a base material in the preparation of these amide-impregnated carbons. The first step 
of a preparation consists of making an ammonia solution by adding 250 mL of NH4OH to 400 mL of deionized distilled 

^ !!!*!?^ ^ 9«"» ammonium carbonate. 31 grams of urea and 1 1 7 grams of 

CuC03.Cu(OH)2 IS added On the above order) and dissolved in the solution. This solution is then added orto 440 grams 
of carbon dropwise until a liquid excess is plainly visible. The ratio of impregnating solution to carbon is approximately 
1.4 mL/g. The "war impregnated carbon is then removed, drained with occasional shaking for 30 to 40 minutes. The 
carbon is then spread to an even thickness on a flat container and dried in a forced-draft oven gradually over a period 

*3 of 220 mmutes as follows: 80-C (40 minutes) 100»C (30 minutes), and finally at 120'C (150 minutes). The resulting 
impregnated carbon typically will have the following composition (w/W): 3% Cr, 1 0% Cu, 3% urea, and certain amounts 
of CO2 and NH3. The development of this impregnating procedure was an attertpt to make the process more cost effec- 
iw since all ttie impregnants can be added onto the carbon in one step. However, one drawback of this process is that 
medrying step n the inpregnation has to be carried out at lower tenperatures (about 1 20-1 SO-C) to avoid self-ignition 

<5 ot the carbon. ThB may result in caibon which has moisture content higher than 2% 

EvaiuatiPn of ttie AminB-lrrpraqnatBri nartv^ 



so 
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[0022] The ammeHmpregnated carbons prepared above were evaluated on its protection against toxic perfluoio-car- 
f« c " *^'"0«'"'«™«""«*'ana The impregnated carbons were loaded inside a container with an inside diame- 
ter 0110.5 cm. and to a bed height of 1 .25 or 2 cm. A continuous flow of the test perfluorocarbon gas at 1000 moMr' 

^'^J^ ' ^ '* ^° ^ "rto «*on bed. andtiie 

t^^"** monitored for this perfluorocarbon gas. by a calibrated gas chromatography instru- 
ZTJ^ni'^°^ tirne is set at the time when the effluent perfluorocarbon gas concentration reaches 100 
mg/nr, 1/1 0 of the original influent concentration. 

SSL^ini!!"" aminenmpregnated carbons were also tested and proven effective against other perfluoro-car- 

bona such as perfluoroisobutene and hexafluoro-cyclobutene. k -«« 
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First gg^g^ ^q Amin^ Inpreonants 

[0024] in orter to evaluate al. candWate amine inpregnants systematically, the mrtne '"^"^^^^^ '^^^^^ 
wfe LeSaSL into three major groups: aliphatic, aromatic and heterocycBc wh.* were '^l' j,'!*^*^^^^ 
Hr«^^™^sKondary and tertiary, as shown in Table l below. In addition, an extra group under Tunctonal Sub- 
SS-'^^SldS tSl S amine corrpounds which cont^n additional substituents. such as a "'^°^0"P («^" 
JS ^obTn^Ccl^e). Thus a Simple 3x4 ex^^^ 

rJL^^Ui^ln^ activity (protection against trif luoronitrosomethane) and the positon in the matnx. 
S inttn^tS carbons^ere evaluated as follows: beds of 1 25 or 1^;° -i^'^JS'^S^S S 3 

loaded into a 10.5 cm diameter container, and tested against trifluoronrtrosomethane at 1000 f^^"*^^ 
uSn at M»C and 80% RH The breakthrough time results are collected in Table 2 below. The effluentfrom the canistei 

ST^otif^iS^y Signaled as the breaKthrough fime-. A typic^ 

m^e S^r^^ted car?ons is shown in Rgure 1 . Specr.cally. TFNM at 1000 rvglf on «^ "J.^ ^^^J^'^S 
mUloT^S^Serbed) impregnated with rA(byweight) Of triet^^^^^ 
until constant weight was achieved. 



20 



25 



30 



3S 



40 



45 



SO 



55 



5 



EP0 629 437 B1 



10 



IS 



20 



25 



30 



3S 



40 



1 1 

•4 r. 
t « 
C 3 

O 4« 

»* w 
u »• 

e J3 

3 3 
U, VI 


^ 'j U 3 C 3 C 
o 3 M — u — 




• ^ 

a U 

^ ^ X 

X — u 


Heterocyclic 




& 


2 5^ Li i" 


u 

fc« 
«« 
e 
o 


V 

i , S 
: 9 ?1 (?) 

:: 0 i(i i| 5^ 

C I ^ -A u 

^ ^ X — 


c 

s _ '0 

-7 >« 
o 


s s i 

X X u ?• ^ 
xV X " 


U 

JZ 

< 


5 3- S w . 

X ^ X c , 

w — • -T * — 
• 5 — *:# • % 

C =j ^ X ^ = 

? 5 ^- 2 - 

w - * 9- 

O X Ui •* 


. iC 

5| J t S 

1- J' - J' 

a 1 <t >i X 

0- 2 ^ !i 


m 

c 

• s 

c m ^ 

2 

— 3 3 
f H 2 ^ 




>« 

a 

u 


>• 

to 
m 

e 
o 
u 
m 


>• 
II 
« 

II 
• 

H 



45 



50 



I0K61 It 18 noted that in Table 2 below, some secondary amines, such as diisopropylamine. pyrrole, and piperidlne 
and some tertary amines such as trlethyiamine seemed to provide the best protection against TFNM. Impregnated car- 
bons from these amines all produced longer breakthrough times than other amine impregnated carbons. Furthermore 

11 1 !^^** secondary and tertiary amines to perfemi better against trifluoronitrosomethane than 

the rest of the candidate amines. Diamines did not appear to offer better protection against TFfylM than other amines. 
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TABLE 2. 



First Screening of Selected Amine Impregnants as Carbon 
carbon impregnants for Enhanced Protection Against 
Perflu rocarbons' 



Primary/Al iphatic 


Amine 


% Loading 
(w/w) 


Breakthrough Time 
(minutes) 


Diethylenetriamine 


6.0 


29.5 


Ethylenediamine 


5.7 


54.0 


Isopropylainine 


4.0 


51-5 




Primary/ Aromatic 


Amine 


% Loading 

(w/w) 


Breakthrough Time 
(minutes) 


Aniline 


3.0 


51-5 


Aniline 


6.0 


52.5 1 


Aniline 


7.5 


58.5 


N,N-diethyl-l,4- 
phenylenediamine 


3.3 


36.0 1 


4-Dhenvlazoaniline 


3 . 4 


18.0 1 




i Secondary/Aliphatic 


1 Amine 


% Loading 
(w/w) 


Breakthrough Time 
(minutes) 


Diisopropyl amine 


12.4 


65.0 


Diethylamine 


7.1 


45.3 


Diethylenetriamine 


6.0 


29.5 
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TABLE 2. 

First Screening of Selected Amine Impregnants 
as Carbon Impregnants for Enhanced Protection 
Against Perf luorocarbons* (continued) 



Secondary/Aromatic 



Amine 


% Loading 
(w/w) 


Breakthrough Time 
(minutes) 


Diphenylanine 


5.5 


6.3 


Pyrrole 


5.7 


69.5 



Secondary/Heterocycl ic 


Amine 


% Loading 
(w/w) 


Breakthrough Time 
(minutes) 


Piperidine 


3.6 


65.0 


Piperidine 


5.5 






Terti 


lary/Aliphatic | 


Amine 


% Loading 
(w/w) 


Breakthrough Time 
(minutes) 


Triethylamine 


5.0 


67,0 




Tertiary/Aromatic 


Amine 


% Loading 
(w/w) 


Breakthrough Time 
(minutes) 


N , N-diethy 1 ani 1 ine 


3.0 


38.3 


N,N-Diethyl-1,4- 
phenylenediamine 


3.3 


36.0 


4-phenylazoaniline 


3.4 


18.0 
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TABLE 

First screening of Selected Amine Impregnants 
as Carbon Inpregnants for Enhanced Protection 
Against Perf luorccarb ns* (continued) 
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Tertiary/Heterocylclic 


Amine 


% Loading 
(w/w) 


Breakthrough Time 
(minutes) 


Pyridine 


3,6 


26.5 


Pyridine 


5.7 


27.2 


4- (4-Nitrobenzyl) - 
pyridine 


5.B 


„.s 


Hexamethyleneamine 


6.5 


42.8 1 


Triethylenediar.ine 


1.5 


26.7 J 






Functional Substit 


uents R 


Amine 


% Loading 

(w/w) 


BreaKthrough Time | 
(minutes) | 


Monoethanol amine 


2.7 


47.7 


4- (4-Nitroben2yl ) - 
pyridine^** 


5.8 


34.5 


Urea 


3.1 


54.0 1 


Urea 


2.0 


56.5 


dimethyl formamide 


7.0 


43.5 


0-toluenesulf onanide 


5.0 


68.5 


P-toluenesulf cnamide 


5.0 


39.7 



Note: 



Ml tests were carried out using 170 mL the 

^iidUioned atVo-C anS "V ^.^^^^iiitir 
weight of water was obtained before testing. 
Each Challenge test consisted of a continuous 
£?ow of 1000 mg/m* of CF^NO in an air "ow of 30 
L/min at 8/o% Wi and JO'C. The breakthrough time 
U ieterm/ned as the time it takes the effluent 
test gas to reach 100 ng/m . 
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Secondary ScreeninQ of Candidate Amines as Carbon Impreonants 



[0027] In this section, the tetter amine impreonants" were loaded onto the cartson at different loading levels and 
tested against trifluoronitrosomethane as shown in Table 3 beiow. The purpose is to identify the optimum loading level 
of the amines on the carbon. 

[0028] In general, it appeared the higher the loading level of amines, the better the protection against TFNM. All the 
candidate amines shown in Table 3 shewed very good performance. Furthermore, it seemed that dipropylamine, pipe- 
ridine and trlethylanvne yielded the longest breakthrough times against TFNM at a loading level of 7% and pyrrole was 
even better at a loadng level of 5%. Diisopropylamine seemed to be the best candidate amine because there was no 
penetration of TFNM at all loading levels. In alt cases, the level of protection against TFNM in^ves, as the percentage 
loading level of amine increases. 



TABLE 3 



Second Saeening: Protection Afforded by Selected Amine-lmpregnated Dry 
Carbons Against TFNM 



Amine 


% Loading 


Density (g/mL) 


Breakthrough Time (min- 
utes) 


Dipropylamine 


4.0 


0.62 


71.5 




5.5 


0.63 


75.0 




72 


0.65 


85.0 




7.3 


0,66 


87.0 




12.0 


0.68 


83.0 


Diisopropylamine 


3.2 


0.61 


75.3 




5.1 


0.62 


79.1 




7.0 


0.64 


81.0 




9.9 


0.67 


78.4 


Pyrrole 


5.2 


0.63 


69.4 




6.8 


0.64 


74.0 


Piperidine 


3.3 


0.61 


65.0 




5.0 


0.62 


69.0 




6.9 


0.64 


72.0 




9.7 


0.66 


76.0 


Triethylamine 


3.5 


0.61 


39.7 




5.0 


0.62 


71.0 




6.8 


0.63 


75.0 




71 


0.63 


78.2 




8.1 


0.64 


81.5 




9.1 


0.64 


89.0 




15.0 


0.70 


87.2 


Triisobutylamine 


71 


0.66 


68.5 


Trioctylamine 


4.9 


0.63 


51.5 




7.2 


0.65 


47.7 



Note: See footnote tor Table 2 for test conditions. 
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Third Screening of the Amine-lmo feanated Carbons 

[0029] Furttier testings were performed on other toxic perf luorocarbons such as perlluoroiscbutene (PFI8) and hex- 
afluorocyclobutene (HFCB) using triethylamine-irrpregnated carbon at 7% (w/w) loading level. 
[0030] As seen in figures 2 and 3. the results were extremely promising. At a continiwus challenge of 1 000 mg/m of 
PFIB, the breakthrough time is 155 minutes (i.e. it takes 155 minutes for the PFIB effluent from the canist r to reach 
100 mg/m^). The breakthrough time for tris(trifluoromethyl)methane (THIS), a non-toxic breakdown product from the 
reaction between the activated carbon and PFIB is 163.2 minutes, for HFCB, the breakthrough time is 28.8 minut s 
under similar conditions, f^ore specifically, in both figures 2 and 3. an activated carbon (125 mU 1 0.5 cm diameter bed) 
impregnated with 7% (by weight) of triethylamine, that had been preconditioned at 80% RH until constant weight was 
achieved, is involved: (note that in Ttgure 2. perfluoroisobutene (labefled PFIB) converts to form tns(trifluorome- 
thyi)methane (labelled TRIS). 

[0031 J To investigate the universality of this amine impregnation process, other activated carbons, namely the BPL 
(carbon with no previous impregnation history) and ASC/TEDA carbon were studied. The acceptance of amine impreg- 
nants on these cartwns, and the protection against trifluoronitrosomethane and other perf luorocartwns were evaluated. 
The methods for loading the amine impregnants on these carbons are similar to those described above for the ASC 
whetlerrte. The results are summarized in Table 4. As shown, the choice of base carbons make very little effect on the 
performance of the impregnated carbon against TFNM. 

TABLE 4 



Proteaion Against Trif luoronitrosomeihane by Using Different 
Base Carbons 



Base Carbon 


Impregnants 


Breakthrough Time (min- 
utes) 


BPL 


Dipropytamme 


72.8 


Triethylamine 


73.0 


Piperidine 


72.0 


Ascyr 


Dipropylamine 


79.0 


Triethylamine 


82.0 


Piperidine 


72.8 



Notes: 

(1) All amine impregnants were loaded at 5% by weight. 

(2) All challenge tests were conducted using the same coruiitions 
as in Tat>le 2. 



[0032] Similar experiments using ASC/TEDA carbons (i.e. without the amine impregnants mentioned in this disclo- 
sure) result in breakthrough times much lower than those shown in figures 1 to 3, dependirig on the perfluorocaibon. 

Clainr^ 

1 . A breathing gas filter composition providing protection against toxic perf luorocarbons, comprising substantially dry 
activated carbon and an organic amine impregnani in an amount of 1.5 to 18% by weight, based on the weight of 
the carbon, characterised in that the composition additionally comprises 0.1 to 10% by weight, based on the weight 
of the carbon, of an alkaline hydroxide. 

2. A corrposition according to claim 1 , wherein the organic amine is included in an amount of 4 to 7% by weight, 
based on the weight of the carbon. 

3. A composition according to claim 1 or claim 2, wherein the organic amine Is selected from the group consisting of 
substituted amines, amides and sulfonamides. 

4. A composition according to claim 1 or claim 2, wherein the organic amine is selected from the group consisting of 
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aliphatic secondary and tertiary amines. 

5. A composition according to claim 1 or claim 2 wherein the organic amine is selected from the group consisting of 
ethyienediamine, dipropylanrvne. isopropytamine. aniline, N.N-diethyM.A-phenyt nediamine. 4-phenytEUoanttine, 

5 diisopropylamine, diethylamine. diethylenetriamine, diphenylamine. pyrrole, piperidine, triethytamine, tri- 
isobutylamine. trioctylamine. N,N-diethyianiline, 4-(4-nitroben2yl)-pyridine, hexamethyleneamine. monoeth- 
anotamine. urea. N,N-dimethylformamide, o-toluenesulfonamide and p-toluenesulfonamide. 

6. A process for impregnating activated carbon by placing a low vapour pressure organic amine in contact with sub- 
10 stantiaily dry activated cartx>n. characterised by the steps of subjecting the carbon and amine to positive pressure 

of 1-5 Pa in an oxygen-free inert gas atmosphere and then heating the carbon and amine for an exterKied period 
while maintaining the positive pressure of 1 -5 Pa in an oxygen-free inert gas atmosphere, and pre-treating the acti- 
vated carbon with a compound selected from the group consisting of an alkaline hydroxide in an amount of 0.1 to 
10% by weight, based on the weight of the carbon, a suitable halogen and a suitable halide salt 

IS 

7. A process according to claim 6. including the additional step of storing the amine-impregnated carbon in an oxi- 
dizer-f ree enclosure. 

8. A process according to claim 6 or claim 7, wherein the heating step is effected at 40"" to GO"" C. for 1 to 72 hours. 

20 

9. A process according to any one of claims 6 to 8, wherein the oxygen-free inert gas is selected from the group con- 
sisting of nitrogen, argon and helium. 

10. A process according to any one of claims 6 to 9, wherein the amine is selected from the group consisting of 
25 aliphatic secondary arxl tertiary amines. 

1 1 . A process according to any one of claims 6 to 11 , wherein the amine is included in an amount of 4 to 7% by weight, 
based on the weight of the cart)on. 

30 1 2. A process according to any one of claims 6 to 1 1 wherein the activated carbon is selected from the group consisting 
of carbon impregnated with copper, silver and chromium, unimpregnated base carbon, and carbon impregnated 
with copper silver, chromium and triethylenediamine. 

13. A process according to any one of claims 6 to 12, wherein the amine is selected from dpropylamine and triethyl- 
3S amine. 

14. A process br impregnating activated carbon with a solid amine compound, comprising dissolving the amine in a 
solvent selected from water and organic solvents and adding the amine solution to the activated camon character- 
ised by the step of pre-treating the activated cartx)n with a compound selected from the group consisting of an alKa- 

40 line hydroxide in an amount of 0.1 to 10% by weight, based on the weight of carbon, a suitable halogen and a 
suitable halide salt. 

PatentansprQche 

45 1. Atemgasfilterzusanrunensetzung, die Schutz gegen toxische Perfluorkohlenstoffe bietet. die im wesentlichen trok- 
kene Aktivkohle und ein organisches Amin-lnrpragniermittet in einem Anteil von 1,5 bis 18 Gew.-%, bezogen auf 
das Gewicht der Kohle, umfaOt dadurch gekennzeichnet. da3 die Zusammensetzung zusatzlich 0.1 bis 10 Gew.- 
%. bezogen auf das Qewicht der Kohle, eines Alkalihydroxtds aufweist 

50 2. Zusanvnensetzung nach Anspruch 1 , wobei das organische Amin in einem Anteil von 4 bis 7 Gew.-%, bezogen auf 
das Gewicht der Kohle. enthalten ist. 

3. Zusammensetzung nach Anspruch 1 Oder Anspruch 2. wobei das organische Amin aus der Gruppe ausgewdhlt ist, 
die aus substituterten Aminen, Amkien und SuHonamiden besteht 

55 

4. Zusammensetzung nach Anspruch 1 Oder Anspruch 2. wobei das organische Amin aus der Grippe ausgewflhft ist, 
die aus aliphatischen sekunddren und tertidr n Aminen besteht 
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s Zusammensetzung nach Anspruch i oder Anspruch 2. wobei das organische Anrin ais der Qruppe ausgewahit ist. 

DiisopropSrtn. Diethylamin. Diethylenuiamin. Diphenylan^n. Pyrrol. P-pend.n ^""^^J^'^^^^^'-J?; 
ocJterSTN-Diethylanilin. 4.{4.Nitrobenzyl)-pyridin. Hexamethylenamin. Monoethanolanun. Hamsloff. N.N- 
Oimethyttormamid. o-Tduolsulfonamid und p-Toluolsulfonamid besteht. . 

6 Vertahren zum ImpfSgnieren von AWivkohle durch InkontaWbringen eines organischen ^^^V^^'^"^"" 
dJtoS* Snwesentlichen trockener AWivkohle. gekennzeichnet durch die tolgerxlen Schntte: Anwenden 
eZtoSrSTvon 1-5 Pa aut die Kohie vnd das Amin in einer sauerstoWreien 'nertga«;Atm08phare und 
JlSiOetoides Erhitzen der Kohle und des Amins uber langere Zeit unter Beibehaltung dee Uberdrucke von 1-5 
Ta ^InVSferatofffreien Jnertgas-Atmosphare und Vorbehandein der Aktivtahle mit ein« Verb.ndung, ausge- 
Im rrd» die bes Jt aus einem Alkalihydroxid in einem Anteii von 0.1 bis 10 Gew.-%. bezogen auf 

das Gewichtder Kbhie. einem geeigneten Halogen und einem geeigneten Halogenidsalz. 

7. vertahren nach Anspruch 6. das den zusatziichen Schritt Lagem der aminimpragnierlen Kohle in einer oxidations- 
nittelfreien HOIIe aufweisL 

8. vertahren nach Anspruch 6 Oder Anspruch 7. wobei der Erhitzungsschritt bei 40' bis 60-C Ober 1 bis 72 Stunden 
ausgefOhrt wird. 

9. Vertahren nach einem der Anspruche 6 bis 8, wobei das sauerstofffreie Inertgas aus der Qruppe ausgewShlt ist. 
die aus Stickstoff. Argon und Helium besteht. 

10. VertahrennacheinemderArsDruche6bis9,wobe,dasAminausderGruppeausse«ahltistdieausaliphati^^^^ 
sekundaren und tertiaren Aminen besteht. 

1 1 . Vertahren nach einem der Anspruche 6 bis 1 1 . wobei das Amin in einem Anteii von 4 bis 7 Gew.-%. bezogen auf 
das Gewicht der Kbhie. enthalten ist. 

« v/«*,hrfin nach einem der Anspruche 6 bis 1 1 . wobei die AWivkohle aus der Gruppe ausgewahlt ist, die aus mit 
SitofuS cLm i^^^^^ Kohle. ni*t impragnierter Ba^sKohle und mit Kupfer. Sitoer. Chrom und 
Trielhylendiamin inpragnia-ter Kohle besteht 
1 3. Vertahren nach einem der Anspruche 6 bis 12. wobei das Amin aus Dipropylamin und Triethylamin ausgewahlt ist 

14 Vertahren zum Inpragnieren von Aktivkohle mit einer festen Aminvetbindung. das die Schritte ^^^^f^^^J^ 
^'Tb^ \mZZ\. das aus Wasser und organischen L6sungsmitteln ausgewahlt ist und Zugabe der Am.nia- 
"ung^^STumlaBt. gekennzeichnet durch den Schritt Vorbehandein der Al^vkohle 
die Ls der Qrii)pe ausgewahlt ist, die besteht aus einem Alkalihydroxid in emem Ant«l von 0.1 bis 10 Qew.-%. 
bezogen auf das Gewicht der Kohle. einem geeigneten Halogen und einem geeigneten Halogendsalz. 

Revendlcatlons 

1 Corrposition de filtration du gaz do respiration comportant une protection contre les P«'«"0«««*<^.*"f'"f ' 
coZenam du carbone active essentiellement sec et un impregnant tfamine organique en une quantit6 da 15 J 
T^^a^ S^BPPon au poids du carbone. caract6ris6e en ce que la composition comprend de plus 0.1 a 
10% en poids. par rapport au poids du carbone. d un hydroxyde alcalin. 

2. Conposition suivart la revendication i . dans laquelle l amine organique est incorpor6e en une quartit6 de 4 a 7% 
en poids. par rapport au poids du carbone. 

3. Coirpositon suivant Tune ou ( autre des revendications 1 et 2. dans laquelle I'amine organique est choisie dans le 
groups conprenant les anines, amides et sulfonamides substitu6s. 

4. Conposition suivant rune ou l autre des revendications i et 2. dans laqueOe ramine organique est choisie dans le 
groupe conprenant les amines secondaires et tertiaires aliphatiques. 

5. Corrposilien suivant I'une ou l autre des revendications 1 et 2, dans lac^eDe I'amin organique est chotei dans le 
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groupe comprenant r6thyl6nediamine, la dipropylamine, l isopropytamine, I aniline, la N.N-dj6thyl-1.4-ph6ny1^ 
nediamine. la 4-ph6nylazoaniline. la dfisopropylannine, la diethylamine, la diethylenetriamine, la diph^nylamin . le 
pyrrole, la pip^rdin , la tridthylamine. la triisobutylamine. la tricotylamine, la N.N-di^thylanilin , la 4-(4-nitroben- 
2yl)pyrldine, rhexam6thyl6neamine, la nrwno^thanolamine. I'uree, le N.N-dimethylformamlde, ro-toludnesu!fona- 
mide et le p-tolu^nesutfonamid . 

6. Proc6d6 d'imprdgnation de carbone activ6 en pla^ant une amine organique a faible pression de vapeur en contact 
avec du carbone activ6 essentiellement sec. caract6rise par les etapes qui consistent k soumettre le carbone et 
l amine k une pression positive de 1-5 Pa dans une atmosphere de gaz inerte exempte doxyg^ne et ensurte k 
chauffer le carbone et Tamine pendant une pdriode prolongee tout en maintenant la pression positive de 1-5 Pa 
dans une atmosphere de gaz inerte exempte d oxygfene. et a pretraiter le carbone active avec un conposd choisi 
dans le groupe comprenant un hydroxyde alcalin en une quantite de 0.1 ^ 10% en poids, par rapport au pads du 
carbone, un hatogdne appropri6 et un sel d'halog^nure approprie. 

7. Proc6d6 suivant la revendication 6, comprenant r6tape additionnelle de conserver le carbone impr6gn6 d'amine 
dans une enceinte exempte d'oxydant. 

8. Proc6d6 suivant Tune ou Tautre des revendications 6 et 7. dans lequel r#tape de chauffage est etfectu6e k une tem- 
perature de 40'' k eo^C pendant 1 k 72 heures. 

9. Proc6d6 suivant I'une quelconque des revendications 6^8. dans lequei le gaz inerte exempt d'oxygdne est choisi 
dans le groupe comprenant I'azote, I'argon et rh6lium. 

10. Proc6d6 suivant I'une quelconque des revendications 6^9, dans lequel Tamine est choisie dans le groupe com- 
prenant les amines secondaires et tertiaires aliphatiques. 

11. Proc6d6 suivant Tune quelconque des revendications 6^11. dans lequel l amine est incorpor6e en une quantit6 
de 4 ^ 7% en poids. par rapport au poids du carbone. 

12. Proc6d6 suivant I'une quelconque des revendications 6 a n. dans lequel le carbone activ6 est choisi dans le 
groupe comprenant un carbone impr6gn6 de cuivre. d'argent et de chrome, un carbone de base non irTpr6gn6 et 
un carbone impr6gn6 de cuivre, d'argent. de chrome et de tri6thyl6nediamine. 

13. Proc6d6 suivant I'une quelconque des revendications 6^12. dans lequel Tamine est choisie parmi la cfipropyla- 
mtne et la triethylamine. 

14. Proc6d6 d1mpr6gnation de carbone activ6 avec un compose d amine solide, comprenant la dissolution de Tamine 
dans un soivant choisi parmi I eau et les solvants organlques et I'addltion de la solution d'amine au carbone activ6, 
caract6ns6 par I'dtape de pr6traitement du carbone active avec un conapos6 choisi dans le groupe conprenant uri 
hydroxyde alcalin en une quantity de 0,1 i 10% en poids. par rapport au poids de carbone. un halog^ne approprie 
et un sel d'halogdnure approprie. 
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